INTRODUCTION
O ptical coherence tomography (OCT) is a noninvasive method for cross-sectional imaging of the eye with light. Ever since its first introduction in 1991 by Huang et al [1] , this technology has revolutionized the diagnosis and management of retinal disorders and glaucoma. The development of spectral-domain optical coherence tomography (SD-OCT) has enabled reproducible, automatic and quantitative measurement of peripapillary retinal nerve fiber layer (RNFL) thickness [2] [3] [4] . Peripapillary RNFL is one of the key diagnostic feature of glaucoma, it is also altered in diseases as retinal vein occlusion (RVO) [5] [6] , diabetic macular edema [7] , retinitis pigmentosa, and after internal limiting membrane peeling [8] , pan-retinal photocoagulation (PRP) [9] [10] , vitrectomy [11] [12] , etc. However, the traditional SD-OCT devices were not able to full visualize the choroid image because of decreasing sensitivity and resolution with increasing displacement from zero delay [13] . The advent of enhanced depth imaging optical coherence tomography (EDI OCT) has enabled full visualization and measurement of choroidal thickness. Peripapillary choroid is the main source of blood supply to prelaminar portion of the optic nerve head (ONH), recent studies show that a variety of facters may be associated with peripapillary choroidal region, including glaucoma [14] [15] , high myopia [16] and age [17] [18] . In clinical practice, we generally used the conventional circular OCT scan without EDI mode for peripapillary RNFL evaluation and peripapillary circular scan with EDI mode for peripapillary choroidal evaluation. We noticed that using Heidelberg Spectralis OCT, conventional peripapillary scan was able to visualize the choroid in most of cases. However, to date there have been no research comparing the results of the two scan method. The purpose of this study was to evaluate the agreement of peripapillary RNFL and choroidal thickness obtained by OCT with and without EDI mode.
SUBJECTS AND METHODS
This cross-sectional study was approved by the Research Ethics Committee at Eye Hospital of Wenzhou Medical University and was adhere to the tenets of the Declaration of Helsinki. Consecutive healthy subjects and patients with distinct eye diseases were enrolled and examined during the period of the study. Written consent was obtained from participants or their guardians after a detailed explanation of the study. Subjects All subjects underwent a standard ophthalmic examination, including uncorrected distance visual acuity, best corrected visual acuity, intraocular pressure measurements, slitlamp examination and fundus examination. The 360-degree 3.4 mm diameter peripapillary circular scans centered on the optic disc were performed in all eyes by Heidelberg Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany) using both conventional protocol and EDI protocol. Peripapillary Retinal Nerve Fiber Layer Thickness Measurements For each OCT image, a grading score was assigned for the visibility and contrast of the RNFL line using an ordinal scoring scale ranging from 1 (not visible) to 5 (very distinct boundaries). As demonstrated in Figure 1 , the peripapillary RNFL captured with both protocols were automatically segmented using the built-in Heidelberg Eye Explorer software (version 1.9.10.0; Heidelberg Engineering). RNFL thickness was automatically calculated at the superotemporal, temporal, inferotemporal, inferonasal, nasal, and superonasal segments, as well as global RNFL thickness. Peripapillary Choroidal Thickness Measurements The visibility and contrast of the choroidoscleral junction was also assessed using ordinal scoring scale ranging from 1 (not visible) to 5 (very distinct boundaries). The peripapillary choroidal thickness was measured from the vascular area between the outer border of the hyper-reflective retinal pigment epithelium (RPE) line to the inner border of the choroidoscleral junction. Peripapillary choroidal images in both protocols were delineated manually using Heidelberg Eye Explorer software by a reader masked to clinical patient data. Specifically, the dots at the automated internal limiting membrane line were moved to the RPE line and the dots at the nerve fiber layer line was moved to the choroidoscleral junction line. The RNFL thickness algorithm function was then applied to automatically generate the choroidal thickness in the corresponding sectors ( Figure 2 ). In order to determine interobserver agreement for manual segmentation, choroidal thickness was manually segmented by a second independent reader. Statistical Analysis Statistical analyses were performed using SPSS 21.0 (SPSS Inc., Chicago, IL, USA) and MedCalc 15.8 (MedCalc Software, Ostend, Belgium). The Shapiro-Wilk test was used to determine the normal distribution of the data. The visibility and contrast of the RNFL and choroidoscleral junction between the conventional and EDI scan was compared using Wilcoxon signed-rank test. Agreement of choroidal thickness measurements between graders were assessed using intraclass correlation coefficient [19] . The paired t-test, intraclass correlation coefficient (ICC), 95% limits of agreement (LoA) [20] , and Bland and Altman plots [21] were analyzed to evaluate the agreement between the conventional and EDI scan. A P value of less than 0.05 was considered to be statistically significant.
RESULTS
This study included 50 eyes of 25 normal healthy subjects and 32 eyes of 20 patients with eye diseases. The mean age of the 45 subjects was 35y (range 9-82y). Disease distribution among subjects included no ocular disease (25 eyes), cataract (12 eyes), surgery after cataract (6 eyes), glaucoma (5 eyes), macular edema (4 eyes), central serous chorioretinopathy (3 eyes), and macular degeneration (2 eyes). 
Visualization of Retinal Nerve Fiber Layer and Choroidoscleral Junction
The RNFL was successfully visualized in all eyes using peripapillary circular scan without EDI mode and with EDI mode, the median image quality scores for RNFL contrast were 5 for both scan protocols (P=0.532). The choroidoscleral junction was not fully visualized in two eyes by conventional scan without EDI mode (2/82), however, was successfully visualized in all eyes by EDI scan. The image quality score for choroidoscleral junction contrast was significantly higher for EDI scan compared with conventional scan (P<0.001).
Corresponding scatter plots are shown in Figure 3 .
Comparision of Peripapillary Retinal Nerve Fiber Layer Thickness
The automatically calculated RNFL thickness measured without EDI mode and with EDI mode is presented in Table 1 . The RNFL thickness obtained with EDI mode was slightly thicker than the RNFL thickness obtained without EDI mode in all the 6 sectors and in global, the differences were statistically significant in inferotemporal, superotemporal and global. The ICC value was 0.881 (0.821-0.922) for global RNFL thickness and ranged from 0.867 (nasal) to 0.924 (inferonasal) for quardrants. To evaluate the agreement in normal and abnormal eyes separately, ICC was calculated as 0.897 for normal participants and 0.860 for those with ocular disease. Bland-Altman plot was also created to analyze the global differences of RNFL thickness between the conventional scan and the EDI scan ( Figure 4 ). The differences of global RNFL thickness were plotted against the average values measured by the two protocols. The mean difference of global RNFL thickness between the two protocols was 1.30 μm and the 95% LoA were between -10.0 to 7.4 μm. 
Comparision of Peripapillary Choroidal Thickness
The agreement between graders for the choroidal thickness measurement was good, with ICC value of 0.989. OCT is now used extensively for clinical decision making and monitoring in modern ophthalmology. It can provide highresolution, cross-sectional images of the retina, the RNFL and the ONH. Recently, with the advent of EDI technique, the choroid was able to be clearly imaged as well [13] [14] [15] [16] . This technique sets the choroid adjacent to the zero delay line, thus allows enhanced visualization of the choroid. However, it has been reported that EDI although helpful, may not always be necessary in the visualization of choroidoscleral boundary [22] . Another technique used to visualize the choroid in SD-OCT is image averaging, which obtains multiple B-scans from the same location that are then averaged together to enhance the retinal and choroidal features. Studies demonstrate reliable measurement of sub-foveal choroidal thickness in 74% healthy subjects [23] and 75.3%
patients with diabetic retinopathy [24] without EDI mode using Cirrus OCT with image averaging of 20 frames. Adhi et al [25] reported visualization of choroidoscleral junction in 73.6% and 68.4% of 19 eyes with and without EDI mode respectively, using Cirrus HD OCT and applying averaging of 20 frames. In this study, we performed peripapillary circular scan without and with EDI mode using Heidelberg Spectralis OCT, which applies eye tracking technology and captures up to 100 B-scans in the same position for signal averaging. We observed that the RNFL was successfully visualized in all eyes by both conventional and EDI protocols, and the contrast of RNFL was almost of identical excellent. However, with regard to the visualization of choroidoscleral junction, peripapillary choroidoscleral boundary was fully visualized in 80/82 (97.6%) and 82/82 (100%) eyes with and without EDI, respectively. Further analysis showed that the two outliers were both eyes with obvious thick choroid of both above 200 μm. This confirmed our observation that peripapillary circular scan without EDI mode and with EDI mode were both capable of obtaining clear peripapillary choroidoscleral junction for the most of cases, however, for subjects with thick peripapillary choroid, only EDI protocol can be applied. Previous study had demonstrated that EDI OCT raster scan showed high agreement with conventional scan protocol in the measurement of retinal thickness and volume. Adhi et al [25] also reported similar results of choroidal thickness obtained on SD-OCT with and without EDI mode in 13 healthy eyes. However, to our knowledge, there has been no research comparing RNFL or peripapillary choroidal thickness obtained using the two protocols. The present study showed the two protocols had an ICC of 0.881 in the measurement of global peripapillary RNFL thickness and the value ranged from 0.867 (nasal) to 0.924 (inferonasal) for quadrants. Bland-Altman plot further demonstrated the slight bias between the two protocols. We did not determine the exact reason of the difference, but we observed that although the images generated by EDI OCT scan are very similar to those of conventional OCT, the RNFL images were brighter in conventional scan than EDI scan, the built in autosegmentation software relies on well-contrasted boundaries, thus may lead to variance in RNFL autosegmentation. These differences seem to be acceptable for clinical purposes, and may not be important for clinical trials at present. However, when detailed analysis is necessary, this difference might be taken into consideration. An important strength of this study is that this study include both normal and diseased eyes and with a wide age range of 9 to 82y. Other strength is that we evaluated abnormal and normal eyes by the same graders. However, this study was limited by the small sample size. Both eyes of single participants were included in some subjects, which may introduce a sampling bias. Meanwhile, only limited patients with eye diseases such as glaucoma and central serous chorioretinopathy were included, further study might be needed to explore the exact reproducibility among different diseases.
In conclusion, peripapillary circular scan without and with EDI mode showed high agreement in the measurement of both RNFL and choroidal thickness, the results may be interchangeable in clinical studies, however, when precise analysis is necessary, the small difference of the two scan protocols should be taken into consideration. According to the present study, peripapillary circular scan with EDI mode gave the same visualization of RNFL with convention scan, but is able to visualize the choroidoscleral junction better and could full visualize the choroidoscleral junction in thick choroid patient, especially patients with optic disc edema, central serous chorioretinopathy, recent RVO, so it might be more convenient and time-saving to perform EDI scan in the first place.
